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ABSTRACT 
Let G be a transitive permutation group on a set ~2 of v points {1, 2 ..... v}. Let H be 
an intransitive subgroup of G and let d be a set of k points where A consists of complete 
orbits of H. Then the images A~ of A under permutations x of G have been shown 
by the first author to be a partially balanced block design D with G as a group of 
automorphisms. Under certain circumstances D is a balanced incomplete block design. 
Here a representation f the simple group PSLa(4) of order 20,160 on 56 letters leads 
to a new symmetric block design with parameters v = 56, k = 1 I, A = 2; A representa- 
tion of the simple group of order 25,920 as U4(4) on 45 isotropic points gives a symmetric 
design with v = 45, k = 12, h = 3. One representation f U4(4) on 40 points, gives 
the design of planes in PG(3, 3) and exhibits the isomorphism of this group to the 
symplectic group $4(3). 
1. INTRODUCTION 
It  has been shown by the first author  [4] that part ia l ly  balanced block 
designs are der ivable f rom transit ive permutat ion  groups.  I f  a group G 
is transit ive on v letters, let H be a subgroup of  G stabi l iz ing a set B 1 o f  
letters. Then  i f  [G : H]  = b, the images o f  B1 under  G form a part ia l ly 
balanced design D wi th  b blocks. I f  the stabil izer o f  a letter (;1 has besides 
{1} r self-paired orbits  and s pairs o f  paired orbits, then D has at most  
r -k s associate classes. 
A rank 3 permutat ion  group wil l  lead to designs with at most  two 
associate classes. I f  B1 is chosen as an orbit  o f  the stabil izer G~, or  as an 
orbit  together with the fixed po int  {1}, then b = d. In  certain instances 
there is only one associate class and the result ing design is a symmetr ic  
b lock design. 
* This research was supported in part by ONR contract N00014-67-A0094-0010. 
Presented at the Yale University Conference on Combinatorial Theory in honor 
of Professor Oystein Ore (May, 1968). 
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Here a representation of the simple group PSL3(4) of order 20,160 on 
56 letters leads to a construction of a new symmetric block design with 
parameters v = 56, k = 11, A = 2. The existence of such a design has 
long been in doubt. 
A representation f the simple group of order 25,920, considered as the 
unitary group U~(4) on the 45 isotropic points gives a new symmetric 
design with parameters v = 45, k = 12, A = 3. Representing this group 
on 40 letters leads somewhat surprisingly to the design for planes in the 
three space PG(3, 3). This gives a direct means of verifying the known 
isomorphism of U4(4) with the symplectic group $4(3). In some respects 
this overlaps ome recent work of R. C. Bose [I]. 
2. RANK THREE PERMUTATION GROUPS 
A transitive permutation group is said to be of rank three if the stabilizer 
of a point has three orbits. Let G be a transitive permutation group, H the 
stabilizer of a point a, and A(a), 1-'(a) the two orbits of H besides {a}. We 
summarize some results of D. G. Higman [5] for our purposes. 
Connected with the rank three permutation group there are two in- 
tegers A, ~ defined as follows. I fg  ~ G and {a} g ~ A(a) then A(a) n {A(a)} g 
contains A points. I f  g s G and {a} g e / ' (a )  then A(a) c~ {A(a)} g contains 
/~ points. It can be shown that A and/z are independent of the choice of 
g in the definition. If  A(a) has k points and I'(a) has I points the relation 
tzl = k(k --  A - -  1) (2.1) 
holds [5, Lemma 5]. Also the values 
[2k + (A -- /z)(k + l) q= ~/Z/(k +/ ) ] / :F2  ~/Zr (2.2) 
must be integers if l G I is even. Here dis a perfect square [5, Lemmas 6, 7] 
d = (a --/x) ~ + 4(k --/Q. (2.3) 
In fact these values are degrees of irreducible characters of G. If  I G I is 
even and of rank three the orbits are self-paired [5, Lemma I] and so 
{a} g ~ A(a) implies a s {A(a)} g and {a} g ~ F(a) implies a ~ {A(a)} g. We 
will use these results in later sections. 
3. EXISTENCE OF A (56,11,2) DESIGN 
In this section we infer the existence of a (56, 11, 2) design obtained 
from appropriate orbits of a rank three permutation group. In a later 
section the design will be given explicitly. 
582/8/~-2 
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The rank three parameters discussed above show I that for a rank three 
permutation group G on 56 points the stabilizer H of the point a has orbits 
oflength 1, 10, 45. The values ofA,/~ are 0, 2, respectively. Let A(a) be the 
10 orbit, -P(a) be the 45 orbit. Suppose g ~ G, (a) g ~ A(a). Then )t = 0 
means (A(a)) g n A(a) is empty. If  B = {a u A(a)}, then Bg and B have 
two points in common, namely, ag and a. Here a ~ {A(a)} g as the orbit 
A(a) is self-paired. Suppose (a) g ~ _r'(a). Then/~ = 2 means (A(a)) g and 
A(a) have two points in common. Also Bg and B have two points in 
common because ag ~ A(a) and a $ {A(a)} g. This is again because the 
orbits are self-paired. This means the 56 distinct images of B form a set 
of blocks each two intersecting in two points. They therefore form a 
design with parameters (56, 11, 2). 
It is only necessary to produce a group G which has a rank three 
permutation representation on 56 points. We will show that PSL3(4) has 
such a permutation representation. The motivation for using PSL3(4 ) is 
of course that it works. Without knowing this, one could argue that the 
order of such a group must be divisible by 56, 45, and 10 as G or subgroups 
have transitive permutation representations of these degrees. This gives 
7 9 5 9 32 9 23 as a factor. The smallest known simple groups of this kind 
have order 7 .5 -33 .  26= 20,160. There are two such simple groups 
As and PSL3(4). As A8 does not have such a rank three permutation 
representation, we try PSL3(4). 
In order to show PSL3(4) has the desired permutation representation 
we must show that PSL3(4) has a subgroup H of index 56 and that the 
permutation representation on the cosets of H has three orbits. This is 
equivalent o showing the permutation character has three constituents. 
By consulting a character table of PSL3(4) we see at once that the only 
possible permutation character of degree 56 has three constituents of 
degrees 1, 20, and 35. This means that, if PSL3(4) has a subgroup of 
index 56, the permutation representation on the cosets is of rank three. 
It is only now necessary to show that PSL3(4) has a subgroup H of index 
56. 
Such a subgroup H has order 5 9 32 9 28. This is the order of A~ and in 
fact we will show PSL~(4) has a subgroup isomorphic to A 6 . It is known 
[6, p. 251] that A, has a projective representation of degree 3 over the 
complex numbers. That is, there is a group G1 of 3 • 3 complex matrices 
such that A, is isomorphic to G1/(scalar matrices). By choosing a suit- 
able basis over the complex numbers the coefficients can be reduced 
modulo a prime ideal to obtain a representation as3 x 3 matrices over a 
finite field of characteristic two. Using the theorem of Brauer [2] these 
1 A computer was employed for this using the relations in Section 2. 
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can be written with coefficients in GF(4), the field with four elements. 
This means G1 is a subgroup of SLa(4). Reducing mod the center gives 
A6 as a subgroup of PSLa(4). Thus the (56, 11, 2) design may be obtained 
using appropriate orbits of the permutation representation f PSLa(4) on 
the cosets of a subgroup of index 56. 
4. CONSTRUCTION OF THE SYMMETRIC DESIGN 
WITH V = 56, k = 11, A = 2 
For the construction of the 56,11,2 design from PSLz(4) we take several 
matrices which together generate PSLs(4). We represent the four elements 
of the field GF(4) by 0,1,A,B, where necessarily 
A S =B,  A3= 1, A+B= 1, 1 + 1 = O. 
Matrices generating PSLs(4) are 
- -  [!l i], [i i i], _- [i _- [i a 0 b= 1 c 1A ,  d 0 
1 0 B0 0 1 
We represent 
numbers 1, 2 ..... 21 taking 1 = (0, 0, 1). Each of these matrices X deter- 
mines a collineation of the plane with the action given by 
(x ,y ,z ) - -~(x ,y ,z )X .  
Thus as (0,0,1) c=(1 ,  B, 0), the collineation c maps 1 = (0,0,1) 
onto 18 ---- (1, B, 0). With the remaining points appropriately numbered 
the collineations are given in permutation form as 
a = (1, 10, 3, 11, 7, 6, 2)(4, 13, 20, 16, 15, 8, 14)(5, 12, 17, 21, 19, 9, 18), 
b ---- (1)(2, 10, 6)(3, 11, 7)(4, 12, 8)(5, 13, 9)(14)(15, 17, 16)(18)(19, 20, 21), 
c = (1, 18, 14)(2, 17, 21)(3, 11, 7)(4, 8, 12)(5)(6, 15, 20)(9)(10, 16, 19)(13), 
d = (1)(2, 9)(3, 7)(4, 6)(5, 8)(10, 20)(11, 18)(12, 19)(13, 21)(14)(15)(16)(17). 
(4.2) 
The group (b, c, d) is isomorphic to A 6 . On the points 1 .... ,21, (b, c, d)  
has two orbits, one being {1, 3, 7, 11, 14, 18} and the other the remaining 
15 points. The six points 1, 3, 7, 11, 14, 18 form an oval in the plane 7r. 
This is to say that no three of these are on a line. Each quadrilateral in rr 
is contained in a unique oval of six points. There are 168 ovals in rr. The 
(4.1) 
he points of the projective plane rr -----PG(2, 4) by the 
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group PSL3(4) = G is the little projective group of ~r, that is, the group 
of collineations generated by the elations. The 168 ovals are permuted in 
three orbits of 56 by G. If we assign the number 1 to the oval 
{1, 3, 7, 11, 14, 18} 
then G is represented as a permutation group on 56 letters (a set of 
56 ovals). In this notation the elements a, b, c, d are represented by the 
following permutations: 
a = (1, 2, 3, 4, 5, 6, 7)(8, 9, 10, 11, 12, 13, 14)(15, 16, 17, 18, 19, 20, 21) 
(22, 23, 24, 25, 26, 27, 28)(29, 30, 31, 32, 33, 34, 35) 
(36, 37, 38, 39, 40, 41, 42)(43, 44, 45, 46, 47, 48, 49) 
(50, 51, 52, 53, 54, 55, 56), 
b = (1)(45)(2, 3, 7)(4, 5, 6)(8, 27, 42)(9, 10, 26)(11, 38, 25)(12, 19, 37) 
(13, 21, 18)(14, 36, 20)(15, 34, 17)(16, 35, 33)(22, 31, 53)(23, 51, 30) 
(24, 39, 50)(28, 54, 41)(29, 52, 32)(40, 55, 56)(43, 44, 46)(47, 48, 49), 
c = (1)(2, 8, 41)(3, 27, 28)(4, 36, 31)(5, 20, 53)(6, 14, 22)(7, 42, 54)(9, 29, 34) 
(10, 52, 17)(11, 24, 46)(12, 30, 48)(13, 55, 33)(15, 26, 32)(16, 21, 56) 
(18, 40, 35)(19, 23, 49)(25, 50, 44)(37, 51, 47)(38, 39, 43)(45), 
d = (1)(2, 34)(3, 54)(4, 39)(5, 13)(6, 29)(7, 56)(8)(9, 44)(10, 16)(11)(12, 19) 
(14)(15, 41)(17, 55)(18, 52)(20, 42)(21, 24)(22, 26)(23)(25)(27, 36) 
(28, 40)(30, 47)(31, 33)(32, 50)(35, 43)(37, 45)(38)(46, 53)(48)(49, 51). 
(4.3) 
For the stabilizer G1 the orbits consist of {1}, a 10-orbit 
A(1) = {12, 19, 23, 30, 37, 45, 47, 48, 49, 51}, 
and a 45-orbit /'(1) consisting of the remaining letters. As shown in 
Section 3, the 56 sets b, A(b) as b = 1 ..... 56 form a symmetric block 
design with v = 56, k = 11, A = 2. These are listed in (4.4) with b the 
first entry followed by the points of A(b). 
1 12 19 23 30 37 45 47 48 49 51 8 411  12 17 19 38 39 46 53 55 
2 13 20 24 31 38 46 48 49 43 52 9 5 12 13 18 20 39 40 47 54 56 
3 14 21 25 32 39 47 49 43 44 53 10 6 13 14 19 21 40 41 48 55 50 
4 8 15 26 33 40 48 43 44 45 54 11 7 14 820154142495651 
5 9 16 27 34 41 49 44 45 46 55 12 1 8 921 16 42 36 43 50 52 
6 10 17 28 35 42 43 45 46 47 56 13 2 9 10 15 17 36 37 44 51 53 
7 11 18 22 29 36 44 46 47 48 50 14 3 10 11 16 18 37 38 45 52 54 
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15 4 11 13 16 21 23 27 31 35 47 36 7 12 13 25 26 32 35 38 41 45 
16 5 12 14 17 15 24 28 32 29 48 37 1 13 14 26 27 33 29 39 42 46 
17 6 13 8 18 16 25 22 33 30 49 38 2 14 827283430403647 
18 7 14 9 19 17 26 23 34 31 43 39 3 8 9282235 31 41 37 48 
19 1 8 1020 18 27 24 35 32 44 40 4 9 1022232932423849 
20 2 9 11 21 19 28 25 29 33 45 41 5 10 l l  23 24 30 33 36 39 43 
21 3 10 12 15 20 22 26 30 34 46 42 6 11 12 24 25 31 34 37 40 44 
22 7 17 21 24 27 39 40 45 51 52 43 2 3 4 6 12 18 27 29 41 51 
23 1 18 15 25 28 4041 46 52 53 44 3 4 5 7 13 19 28 30 42 52 
24 2 19 16 26 22 41 42 47 53 54 45 4 5 6 1 14 20 22 31 36 53 
25 3 20 17 27 23 42 36 48 54 55 46 5 6 7 2 82123 32 37 54 
26 421 18 28 24 36 37 49 55 56 47 6 7 1 3 9 15 24 33 38 55 
27 5 15 19 22 25 37 38 43 56 50 48 7 1 2 410 16 25 34 39 56 
28 6 16 20 23 26 38 39 44 50 51 49 1 2 3 5 11 17 26 35 40 50 
29 7 16 20 30 35 37 40 43 53 55 50 7 10 12 27 28 31 33 49 53 54 
30 1 1721 31 29 38 41 44 54 56 51 1 11 13 28 22 32 34 43 54 55 
31 2 1815 32 30 39 42 45 55 50 52 2 12 14 22 23 33 35 44 55 56 
32 3 19 16 33 31 40 36 46 56 51 53 3 13 8 23 24 34 29 45 56 50 
33 420 17 34 32 41 37 47 50 52 54 4 14 9242535 30 46 50 51 
34 521 18 35 33 42 38 48 51 53 55 5 8 102526293147 51 52 
35 6 15 19 29 34 36 39 49 52 54 56 6 9 11 26 27 30 32 48 52 53 
(4.4) 
This particular group affords an answer to a question raised by Higman. 
That G is a transitive group of rank three means that G has three double 
cosets modulo G,.  Do primitive rank three groups of even order exist 
in which one of these cosets contains no involutions? The answer to 
this question is "yes". Here, with H = G1, the group G has the double 
cosets G = H-k -HuH + HvH where HuH corresponds to A(1) and 
HvH to F(1). For XcH,  1X= 1, fo rXcHuH,  1X= /cA( I ) ,  and for 
X c HvH,  1X = jc  F(1). In this case there is no involution w in the 
double coset HuH.  In G = PSL3(4), the involutions form a single con- 
jugate class and so any involution ~- is conjugate to d in (4.3). But if 
w = (1, i )- . -with / cA( l )  and if z - l zz  = d, then d= ( r , s ) . . .  with 
r = lz, s = iz, whence s c A(r). Inspection of the transpositions of d 
shows that, for every transposition (r, s), s c F(r). Hence the double coset 
HuH contains no involution. 
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5, DESIGNS FROM THE SIMPLE GROUP OF ORDER 25920 
In the field GF(4) with four elements, 0, 1, A, B, the mapping x -,- x 2 = 
is an automorphism of  order 2 fixing 0 and 1 and interchanging A and B. 
If X is a matrix we write X T for its transpose and X for the conjugate under 
the automorphism. The unimodular matrices X of degree 4 satisfying 
XrX = I (5.1) 
are well known [3] to form a simple group G of order 25920, the unitary 
group U4(4). Dickson calls this the hyperorthogonal group HO(4, 4). 
Here G is generated by the two matrices 
0 B A 0 O A 
t= 1 0 , v= 0 0 " 
0 1 1 0 
Heret  5=/ ,v  9=I .  
(5.2) 
If X is a matrix of G and P = (x, y, z, w) is a point of the projective geom- 
etry PG(3,4), then X determines a collineation of PG(3,4) by the mapping 
P -+ PX. (5.3) 
The property (5.1) of a matrix X of G is an invariance property of the 
transformation (5.3). For P = (x, y, z, w), Q = (r, s, t, u) we define an 
inner product (P, Q) by the rule 
(P, Q) = x? -4- ys + z~ -k w~. (5.4) 
The invariance is that for X e G. 
(PX, QX)  = (P, Q). (5.5) 
Points P for which (P, P) = 0 are called isotropic points and those tbr 
which (P, P) • 0 are called anisotropic points. 
In the projective geometry PG(3,4) a point P has coordinates 
(x, y, z, w) 3& (0, 0, 0, 0) and if u =~ O, (ux, uy, uz, uw) represents the same 
point. In PG(3,4) there are 45 isotropic points and 40 anisotropic points. 
If we number the isotropic point (0, 0, 1, 1) as 1 then on the isotropic 
points appropriately numbered we have 
t = (1, 19, 7, 20, 37)(2, 34, 17, 29, 33)(3, 9, 14, 38, 15)(4, 21, 25, 22, 28) 
(5, 18, 27, 31, 11)(6, 35, 26, 40, 42)(8, 36, 39, 12, 24)(10, 32, 13, 45, 16) 
(23, 43, 44, 30, 41), (5.6) 
v = (1, 5, 7)(2, 4, 8)(3, 6, 9)(10, 18, 15, 12, 17, 14, 11, 16, 13) 
(21, 28, 40, 44, 27, 30, 31, 41, 26)(22, 38, 25, 39, 34, 42, 35, 24, 29) 
(19, 37, 43, 45, 36, 33, 32, 23, 20). 
DESIGNS DERIVED FROM PERMUTATION GROUPS 19 
G does not have a doubly transitive representation ashas been shown by 
E. T. Parker [7]. But G has several rank three representations. The re- 
presentation (5.6) is a rank three representation with orbit lengths 1, 12, 32 
in the stabilizer G1 and A =/z  = 3. The orbital design of the 45 orbits of 
length 12 is a 45, 12, 3 design and is given here in (5.7). 
v = 45, k = 12, A = 3 FROM U4(4 ) ON 45 ]SOTROPIC POINTS 
1 16 17 I8 19 23 27 28 32 36 37 41 45 
2 16 17 18 20 24 25 29~33 34 38 42 43 
3 16 17 18 21 22 26 30 31 35 39 40 44 
4 13 14 15 19 22 25 29 32 35 39 42 45 
5 13 14 15 20 23 26 30 33 36 37 40 43 
6 13 14 15 21 24 27 28 31 34 38 41 44 
7 10 11 12 19 20 21 31 32 33 43 44 45 
8 10 11 12 22 23 24 34 35 36 37 38 39 
9 10 11 12 25 26 27 28 29 30 40 41 42 
10 7 8 9 19 22 25 28 31 34 37 40 43 
11 7 8 9 20 23 26 29 32 35 38 41 44 
12 7 8 9 21 24 27 30 33 36 39 42 45 
13 4 5 6 19 20 21 28 29 30 37 38 39 
14 4 5 6 22 23 24 31 32 33 40 41 42 
15 4 5 6 25 2627 34 35 36 43 44 45 
16 1 2 3 19 20 21 22 23 24 25 26 27 
17 1 2 3 28 29 30 31 32 33 34 35 36 
18 1 2 3 37 38 39 40 41 42 43 44 45 
19 1 4 7 10 13 16 23 27 29 31 39 43 
20 2 5 7 11 13 16 24 25 30 32 37 44 
21 3 6 7 12 13 16 22 26 28 33 38 45 
22 3 4 8 10 14 16 21 26 32 34 37 42 
23 1 5 8 11 14 16 19 27 33 35 38 40 
24 2 6 8 12 14 16 20 25 31 36 39 41 
25 2 4 9 10 15 16 20 24 28 35 40 45 
26 3 5 9 11 15 16 21 22 29 36 41 43 
27 1 6 9 12 15 16 19 23 30 34 42 44 
28 1 6 9 10 13 17 21 25 32 36 38 40 
29 2 4 9 11 13 17 19 26 33 34 39 41 
30 3 5 9 12 13 17 20 27 31 35 37 42 
31 3 6 7 10 14 17 19 24 30 35 41 43 
32 1 4 7 11 14 17 20 22 28 36 42 44 
33 2 5 7 12 14 17 21 23 29 34 40 45 
34 2 6 8 10 15 17 22 27 29 33 37 44 
(5.7) 
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35 3 4 8 11 15 17 23 25 30 31 38 45 
36 1 5 8 12 15 17 24 26 28 32 39 43 
37 1 5 8 10 13 18 20 22 30 34 41 45 
38 2 6 8 11 13 18 21 23 28 35 42 43 
39 3 4 8 12 13 18 19 24 29 36 40 44 
40 3 5 9 10 14 18 23 25 28 33 39 44 
41 1 6 9 11 14 18 24 26 29 31 34 45 
42 2 4 9 12 14 18 22 27 30 32 38 43 
43 2 5 7 10 15 18 19 26 31 36 38 42 
44 3 6 7 11 15 18 20 27 32 34 39 40 
45 1 4 7 12 15 18 21 25 33 35 38 41 
(5.7) 
AUTOMORPHISMS GENERATING U4(4 )
t = (1 19 7 20 37)(2 34 17 29 33)(3 9 14 38 15)(4 21 25 22 28) 
(5 18 27 31 11)(6 35 26 40 42)(8 36 39 12 24)(10 32 13 45 16) 
(23 43 44 30 41). 
u---- (137515624242911719) (3) (428833)  
(10 23 45 13 36 34 14 25 38 12 29 32)(16 18 30 26 44 31) 
(17 22 40 35 21 39)(20 43 27 41). 
The representation of G on the 40 anisotropic points, numbering 
(0, 0, 0, 1) as 1 gives the representation 
t = (1, 17, 34, 3, 12)(2, 29, 38, 15, 24)(4, 39, 36, 22, 21)(5, 37, 7, 13, 19) 
(6, 31, 27, 9, 30)(8, 11, 18, 28, 40)(10, 32, 26, 25, 14)(16, 35, 33, 23, 20), 
(5.8) 
v ---- (1, 3, 2)(4)(5, 9, 6)(7, 13, 12)(8, 10, 11)(14, 29, 40, 22, 28, 36, 18, 24, 32) 
(15, 23, 38, 20, 13, 37, 19, 27, 33)(16, 26, 39, 21, 25, 35, 17, 30, 34). 
This is also a rank three representation f G with parameters k = 12, 
l ---- 27, /~ = 2, /~ = 4, and characters of degrees 15 and 24. Here the 
12 orbit of the stabilizer G4 consists of 1, 2, 3, 5, 6, 7, 8, 9, 10, I1, 12, 13, 
the numbers in the three cycles of v. 
The 40 12 orbits together with the fixed letters form a symmetric 
design with v = 40, k = 13, A = 4. It turns out to be a very well-known 
design, namely, the planes in the projective space PG(3,3). 
If we take 1 = (0, 0, 0, 1) over GF(3) and coordinatize the remaining 
points over GF(3) appropriately we have 
[111 i] LI 1~ i1 --1 0 0 - -  0 1 1- -  
t = - -  1 0 0 , v = 0 1 . (5 .9 )  
- -1  - -1  1 0 - -1  
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Furthermore we have with the matrix A defined below: 
A = 0 0 t rAt  = A ,  
- -  0 0 ' 
- -1  0 
v rAv  = A.  (5.10) 
The matrices X over GF(3) satisfying XTAX = A form a group which 
modulo its center - - I  is the symplectic group $4(3), a simple group of 
order 25920. 
The correspondence b tween the 40 anisotropic points in PG(3,4) with 
the 40 points of PG(3,3) thus yields a proof of the isomorphism of the 
unitary group U4(4) and the symplectic group $4(3). For t and v as given 
in (5.2) over GF(4) or as given over GF(3) in (5.9) permute the 40 points by 
the permutations (5.8). The corresponding points are given the same 
number in (5.11). 
ANISOTROPIC POINTS IN PG(3,4) POINTS OF PG(3,3) 
(o o o 1) 1 (o o o 1) 
(o o 1 o) 2 (o o 1 1) 
(o 1 o o) 3 (o o 1 -1 )  
(1 o o o) 4 (o o 1 o) 
(o 1 1 1) 5 (o 1 o o) 
(0 1 1 A) 6 (0 1 0 1) 
(0 1 ~ B) 7 (0 1 0 --1) 
(0 1 A 1) 8 (0 1 1 1) 
(0 1 A A) 9 (0 1 1 --1) 
(0 1 A B) 10 (0 1 1 0) 
(0 1 B 1) 11 (0 1 --1 --1) 
(0 1 B A) 12 (0 1 -- 1 0) 
(0 1 B B) 13 (0 1 --1 1) 
(1 0 1 1) 14 (1 1 0 O) 
(1 0 1 A) 15 (1 1 0 1) 
(1 0 1 B) 16 (1 1 0 --1) 
(1 0 A 1) 17 (1 1 --1 --1) 
(I 0 A A) 18 (1 1 -- 1 0) 
(1 0 A B) 19 (1 1 -- 1 1) 
(1 o B 1) 20 (1 1 1 1) 
(1 0 B A) 21 (1 1 1 --1) 
(1 0 B B) 22 (1 1 1 0) 
(1 1 0 1) 23 (1 --1 0 O) 
(5.11) 
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(1 1 0 A) 24 (1 --1 0 --1) 
(1 1 0 B) 25 (1 --1 0 1) 
(1 A 0 1) 26 (1 --1 --1 l) 
(1 A 0 A) 27 (1 --1 --1 0) 
(1 A 0 B) 28 (1 --1 --1 --1) 
(1 B 0 1) 29 (1 --1 1 1) 
(1 B 0 A) 30 (1 --1 1 1) 
(1 B 0 B) 31 (1 --1 1 0) 
(1 1 1 0) 32 (1 0 0 0) 
(1 1 A 0) 33 (I 0 1 1) 
(1 1 B 0) 34 (1 0 --1 --1) 
(1 A 1 0) 35 (1 0 1 --1) 
(1 A A 0) 36 (1 0 - -  1 0) 
(1 A B 0) 37 (1 0 0 1) 
(1 B 1 0) 38 (1 0 --1 1) 
(1 B A 0) 39 (l 0 0 -- 1) 
(1 B B 0) 40 (1 0 1 0) 
(5.11) 
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